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Abstract: 

PROBLEM TO BE SOLVED: To suppress the introduction of defects by suppressing cracks generated 
by difference in the thermal expansion coefficients between a growing III-V comp. semiconductor layer 
and a substrate crystal, and a difference in grid constants. 

SOLUTION: Through the use of a substrate limiting a growing region 13 by a mask 14, the facet 
structure of a III-V comp. semiconductor film 15 is formed (b) by epitaxial growth, for growing (c) the 
facet structure to cover the mask 14. In addition, the facet structure is completely embedded (d). A III-V 
comp. semiconductor layer with a flat surface is finally formed (e). 
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its*«i] i i i -vmit&m*m#<o=-v**i"r 
y h«a£-^ffli6ii^T3^tffiS:¥Jfi^b■r5xs4:#■rsw 

k£®m-tz> I I i -vKib^^i*^S^ffi 0 

[»*«2] I I I -VM^ft*W*<&^**^ 

ft^^ff^firsxst, iffl8&jfififfi«-CH&» I 
I I -vRfb^fc^frSr^r-fey h«ig*»#Lfc# 

?>^g$-fr, wtt-r5fiefiffl«<o i i i-vjKft^** 

5 i i i -vKfk^^flc^^s^-ffio 

i i i -vm<k&®tm&tmcwm\ fozwtfe* 

^ft^KK^ft^fafcttWSr^i-S I I I -Vift^ 

^$t£H-<fc VBf&£titcf&jfrWi^&Bf&^%^k&W^ 
t-r5i«*JSlXfl2E*oi I I-Vit^b^^f{£ 

^tzwrnt-tzm^i, 2x&3mm<Di i i-v 

Riildy rir-y h«j£<£HM!l^ {1-10 1} ffiT'fc 
5^fcSrWai:1-SiS*JS4fcliKw I I I-Vift^jj 

[W*«6] iWfii-v;*? <7>ff£R^* h^^y^Tfco 
* hy-r^*-^^< 11-20 >jj&}&tztt< 1 - 

loo^xfcs^tsr^mt-rs it* 4 i 

[I§*JS7] HfffciStEli, M g A 1 2 CM Sfc S i 
gfc ZnOlS, S i Cgfi, LiGa02 gfc 
A 1 2 O3 SffiCT ^-f 1 o^tbii!K£tu fiiltd I 

I I - vmit&fo¥€m±, G a NK, I n G a 
A 1 Ga Nfll, InNl N GaPR GaAsl^^f 

tifr 1 ifrbm$i£tiZ> w t Sr4*a<b -r5ifi*JS l x& 
2Xit3 Xit4tm(D I I I -V^b^^SftfiO^S 



Wt'fcoT, S-^^fflricCO^^/l/J^G a NU In 
GaN, *$J;U<A 1 G a N(D? V>&< t fc 2 OCD^if 
/j^W^Tt^ C £ S:**CS«i:-r^ff}*JH 1 Xfl 2 X 

fi3*(i4tyg<z>i i i -vm{k£!fo i t?&fc<nj&&j? 

iis*«9] i 1 1 -vmit^^mftt 

X7rir^ hffiit^jFML^^^^cSL/i I II-VK 
10 <t^^f#:^|»j»-f Sf*fi««(0 I I I-VflHt^* 

fell I I -VlS^ift^«<*<o^SirJ:9fluK7Tir5/ 
bffim&miib&i£tiXBl&£titzl I I-vflHb£tt¥ 

[1***10] I I i-vmi£&fo*mftbfe*j£1k* 

«"C7r-fey ht(BSS:«J«L/^se>/SftLfcr I I-V 
20 K{t^**»<*^Bt»-T5dififl|«(0 I I I-VM^ 

ig^ffl^snr^fije^ttfe i i i-v^b^^f* 

k&ft-fZl I I - Vtt^^Mtfcot, Hufcl 

^^^mu^^^tix^^zt^wmt-t^mt-r 

6111 -VSf^^Wo 

iis*J5i 1] mmmmmmz^ m^^mm^Si-t 

^i^*^M$ti, Sfjffii 1 i-v«fb^¥*fft 
|£®_h(c -r ;* * J; 5 JSfiSi^IM £ tiT 5 r t 

^mt-rm^mh^^mmmi otm^ 1 1 1 
iw*« 1 2 ] g a N^m^t^^^m^mm 

•9 fiES1!g«Sr^i"5XSt , HijfefiJc-SSSftEtrG a 

^ ¥mt-t h TM Sr 5 r i: Sr 1$ja 1 1 5 G a N 

IiB*JS 1 3 ] i9*Xg 1 2 {C$m ZtltzG a N^^^t^ 
RcO/PMcO^, HijfciG a N%k¥&fcmfrb'Pte< t i>wi 
IciStR, ^^^W^^5fer5X©.«t**-r5CtSriRF 

[lfl*J5 1 4 ] G a N^*«ft t ft^»^SftK?gfil» 

50 J[M^ti/cG a N^^f^S(cricSm«^ifM-r5^ 
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* \ $ <b KftjfciG a N^^#f*0/jScSiC J; <9 

1 5 ] |f*Xl 1 4fcitt^BfjFclG a N&¥3M*« 

Ummi 6] IfijJtiSl 2*>5^l±B*Jgl 3frfci$C0 
GaN^MM^M^C, iWffiG a N^5»ttl» 
_h(::G a N^^*»*^a««igSrigf«-r5ieS:# 

ft, 

[»*S 1 7 ] 1 2 iCE«(7?G a N 3* 

&f£<DW^ HiIiaGaN^W*l«±i-GaN^«# 

t £W-r s c t <t -r ^ g a Nj&^tmmmmn 

I»M18] HUtfiG a N^»»*-?(i, ^~f)V-<T 
n«iSS:^tpG a N^^ft***^ T'fcS r t 

Iffl[*JS 1 9 ] BfjIfiG a N^«**^SG a N^^lft 
U-1f t?*>5 C t £1$® 1 8 rd*WG a N 

[fff*S2 0] W*iSl 4fc5lMi»*Jll 5 «^fE«feco 
G a N^¥«ffiR±l-G a N^¥*#*^«Jf flliiri* 

So 

[ff#>g2 1] S*Sl 4 Si ^39*11 5K*tf>G 

a n*^9«k±^g a N^m^m^mmmm^m 

IIS*JI2 2] NljfciGa N^^^T-(i, ^7>-r 
n«ig«:^tf G a Nl^Mfi 1 ^^: <b 
i:1-5W*JS2 0fcS^(±iS*«2 1 ffi*W>G a 

[tft*S2 3] mffclG a N^3S3fe*i^G a N^¥3«£ 
I^-¥-Cfc5r tSr*S»t-r5»*«2 2fci$cDGa N 

(»*H2 4] IS*-! 1 2fc5V^iif5RJSl 3fi$cOG 
a N^^-{«Ico;FM^^(^ HuffiG a N^^-MIIX 
|:G a S:Mt5I8S:tt5 : t f # 

[fft*S 2 5 ] fit*I 1 2 tdfd^c^G a N^#«MB|6D 
iFMcD&l^ BuffiG a N^W.{«£±lrG a N^*?f£ 



<kMmmm, ^^^m^m^-r^nk^-r^ 

[ffl*J-S2 6 ] SufciG a N^****^!*, tf-Jfr^ 
n«S«:1^tf G a N#¥»fWft**-C*>5 r t 
t-T5l9*JS2 4fe5^(iiS*il2 5fci«cOG a 

[»*S2 7 ] fffjSSG a N^«3t*^^G a N^#^ 
^-f-CfcS: t«r»«t"f 5!t*iS2 6EfWG a N 

io [Ift*Jg2 8l »*J5l 4*>5VMiiS*«i 5lwK«co 

BUfciG a N^^S»*IK±i-G a N^m^^mM £ 
4xT^5wtS:^afr5Ga N*^#fr*^ 0 

[IS*S2 9 ] i»*JS 1 4 (Cffiitt^jWEG a N^*3»tt 
fll±(:GaN^^($^«^, BfreGaNJfi^ 

t-TSW*JS2 8fc5lSliS*Jl2 9Ef^)GaN^ 

20 mwm^-o 

[§8*13 1 ] mfflSG a N^SS^tiR^G a N^¥3|# 

u-VXhZ ^ i *:4*»i-*-S»#S 3 oEf^G a N 
[0 0 0 1] 

* ir /^S * ■£ 5 *-ft^ w (Dfii&jjm Z h\ C X o 
30 T»5jix5I I I-Vlfif^^MCit^o 4^ 
*SS>:te^/>/j:i^*K^^sH)t4G a N^^W 

[0 0 0 2] £ t>\ZG a N^4^»**^Xt/-tW«5g* 
[0 0 0 3] 

ittfVVA* (GaN) (1, ^faj^fe^3. 4eV^J 
40 L-taB£*iT^£»o 

[0004] z<Dtfw&m^tz%%T'Ux&imi-z> 

Ltetfb. G a N(Dji?t£f&&X*t*. &m<DMffiTE&Wi 
T^W^Srf^fiirSi&^tt, «^f»77^7 (Al 
50 ixrtfco 
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[0 0 0 5] 

•>n|3 2# (1993) S1 5 2 8- 1 5 3 3 Wj 
(Jpn.J. AppLPhys. Vol 32(1993) pp. 1528-153 

3) 0 ~<Di:itj:m&\a** x'<-f*£ LXcn&mm 

JiSr^Stfelr, fttt^Jgftritfi-Cl Mm(7)S i O2 

h^^^ifML7t^^r-rrSffi±irGa NIB 

$-frS^t^!|$BB¥8-6 4 7 9 l^«lCfcltt$tLT 
t^5o L^L#i¥8~6 4 7 9 l%Wi]t1iS i 

02 mn#vi&&i>mzbfa*tiM^mz¥m.t£j& 
[0007] *«w<o@ Wfi, 

fr'Jrtt < , * fcffl LT ^ 7 y ^ # A <9 < 

[0008] £tbiz*mm<Di&<oB#HX ±f^t°^^ 

[0 0 0 9] *fc**M^>flilOBW*i. ±te^f**>' 
^/HfcfilCJ: 9flM£ftfcG a N^^Mg±[^G a N 

G a N^^«**^ (Wxitf G a N^^f*^*^) 
[0 0 10] 

ft*«i*<7)ffi-fi:*ffili, I I I -Vj£{L£*¥«ft<E>^ 

tLfc^^^W»(cj: , Buffi 

fiESfflisEiw WffiS« b feTfc&^m&m&Mtf&te 5 I 

wxmmi 1 1 --vm\t^m^m^yr^y hm&z 
Bf&u^bfUS:^ mm-r^&m^coi i i-v 

[0011] I 1 I -V^fL^^-ftoD 

1 1 1 -v^fb^-^^^h^^v-r 



Bufcig«<t&^£&^ I I-VK 

ft^^ftsriSfii-sxst. m^mrnxmii i 

y ht»ig^ffl^ji^|gfii*¥ait:"t-5XiSt, HU*Ifi¥ 
10 5 0 

[0 0 12] $ hlZ\*mi<D I I I -V^fb^^fft 
^3e»^«W36»ftw<Hfci4JISr#-r-6 I I I -VBHfc 

20 [0 0 13] #JS9i<D I I I -Vj^k^ft^frtttt, 

1 1 1 -v^fb^^^ct^^^g^^^ 

Wig^r/FML^^tb^cfiLfc I I I -Vftfb^**** 
I I I-VRft^^i^g 

[0014] Hijffi^^^w^iaHiiwsfiScasiw 
Hutd/SfiisJstic/ss-t-s 1 1 1 -vmit&fo^fctm 

#1-5 I I I -VK^to¥W<*^^SnT^5wfc 

[0015] *«fl«0G a N^^frK0O/FM^&l^ 
G a N^^*£feT-^^i^;S«^^^5£^ 
ffi, *>5^(i8ijfdSffi±(cig|«*4xfcG a N^Nfft^ 

WGaN^^»:£ttiCHutfi^^^»^Sr«t\ * 
(^BiiK^riry h«^S:aiA^r^ffiS:¥fflft-r5X 

^^^W»«:»*-r5XSi:S:*-f5wi:Sr1$a£ 

[0016] *H0JjcOG a N^*«»«S«5iOifM* 
50 ifcfi, G a N^^W^iPMcO^i^ flfffclGaN^ 
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[0 0 1 7 J *369J0>G a N*¥*tt**<0»ig;frffi- 
tt, Ga N^^M^iFM^^I^, mjfciGaN^^ 
fWBLblCG a N*##«:i|f^SrJB^-r5XSSr*-r5 r 

IC, HUfclGaN^^^±iCGaN^^W#^^^ 

ESS, ^*?m*m^-tZ>TMt$:#i-Z>zt$:Ff 

D*iS*^tpGaN^*«W*3t*^T*>5ri:, £6 
(^HtitfiG a N^ft^i^G a N^^U- tfT*fc<5 

[0018] *38W<7)G a N^¥»ttfflM\ G a 

mftb&^fem^m&mhmmtezmfck, mum®. 

f£ffi, *>5lM±BlJKSffi±l^lS*nfcG a N^#*ft 

^wftifcGa N%¥mmmm-f%f&$:m%z<DG a 

lCfiWaGaN*^#ft:(OfiEfitz«ti9Bff8E7r-fey 

[0019] #$8W<7>G a N*¥«#fflJf «i£fi, fjiE 
<7)G a N^^fcBLhKG a NJR^ft*^«li«ig 

[00 2 0] *|Sf jcOG a N^¥3M**T-f** G a 
^*I»±ICG a NJ&^mfcX+AWtiLZtlX^ZZ. t 
SrWatrSo *fcfiflffiG a N^¥3**R±I-G a 

[00 2 1] $ iblCflfifdG a N^Sftlff^li, ^V/U 
^xn «5g«:^trG a N£^ft^^T-T*&5 r t £ 
Wmti~b 0 HfjfciGaN^jt^^GaN^^ftU 

[0 0 2 2] 

[0023] (» i (ommmm) xmrnn 1 ^n^s 

[0 0 2 4] flfcl^ IWffltlittS^S-CL, ^CO 



9<DBm**b7'(7tL, ^cot l 4<nW £ 

MmSSi Lfc 0 (01 (a) ) „ 

[0025] w:, j*s<s«(c»L i i i -vmit&m 

^^^^^W^L^^tbSSl 1 £j!Jf£^*fi?fl** 
T'#M-T5o L "On ?> I I I|^#*tJ&f£L 

f&figy* 1 3 (C I I I -VM^**«#1 5^ 

ft*&ffl^5*fk*«K-tel-«t5«tt/«fi (VPE :Va 
por Phase Epitaxy ) TiT9 75\ I I I &ffift{Zfi 
«^«Srffl^5*«4fcWk^*atBfiKS (MOCVD: 
Metal Organic Vapor Phase Epitaxy) ^rffl^tt 

[0 0 2 6] III - Vfflk&m¥mit 1 5 ii, #mh3 

#1 5 letter -fey h«ig^fi)c$n5o ^£0<t#coi 
I I -V«fb^**3»*l 5^S^ft-(i7rir^ hffi 
5t^fi)c*^SJ:5 6 5 OVfrh 1 1 0 0X:<Df&B:U 
Sts I I lKJ!S#*Wflt»*-»L*»^ib2 0 00 0 0 

m&imTzvimft<Dffl^<omm'vftio aa 1 
(b) ) 0 

30 10 0 2 7) £b\^t°?*i/v^f&&$:mJZ>k, I 

i i - wmit^m^m^i sityr-t? bmm^mizM 

«rTS (till (c) ) q 
[0 0 2 8] tSb^t°?*isv/\sj&&ZmiZ>k, V 

r-try h«ig^a*ji*jx si (a) ) , msmz 

5S:t#6 - t^T*#5 (01 (e) ) 0 

40 [0029] mfc±^fe*j£&^mmm<D&tj; 
5 1 i i -vKfL^-^-($^B 0 B /i)cg^fT9 mm 

t(D^XWAiLtz^BXm\zth^om^ #66 1 

[0 0 3 0] *HJ6^<ili ( J:5^f£T^ a«ricfitc 
£Qf&&ffit£{Z7T±y h&m%Bi&LX\<^ 0 z.<oy 

7 -try h^tti^tcj: "9*cfi^7 7 -t: y hiCf^^^oTii 
50 ct^-ct^^/t^o *SS^«&li7 7iry hco/Sfiiri; 
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[oo3i]ffl;i i imm^mmzm^zmm 

&&6g^ft(C^t>*£ - fclcfcfl I I I-VfiHt&* 

[0 0 3 2] ft*?, I I iflaSJN-ic^ttl&JIgSrffl^S^ 
it^<Tl*fiii^ig<?i5*\ ±iliOOj;5i-^ I I I- 

J«fi«<Ottfe»s*^Sfc*f«fiffl*^*>lt5 III- 
[0 0 3 3] (#2 <Z> jltfi<7>fflaiB) #fg#]cD£& 2 

(dbm^^x, i i i -vj£ffc^¥«ft^fc°** 

Well 5 Sr#HB LTMW-*"S„ 
[0034] 0 5 (a) - (b) *T*(i|gl(7)*J6^ 
momi (a) ^ (e) tR«?iXS-Cf^»LT^5 
fcfciftWSr^lfrt-So #2W3Sffi<^llB"t?tt* III- 

flftlfclC, I2^^^t (05(c)), 

JfiffcSrftoTV^ (S5 (d) ) 0 
[00 3 5] » 2 W*JSfi0ig«8T^ Ell (a) 

(e) <Dftmi:nzmvMi-zt{z£v&f&LtLi i i 

[0 0 3 6] mi^HJS6co^ffi*>5^li^2 05IJIfe^ 

/£fi^5#&lcW#jT*fc9, A 1 2 On , Si, Si 
C, Mg A 1 2 Oi , L i G a O2 , Z n O^<0g& 
— <D, GaN, GaAIN, I n G a N, I n N, Ga 
A sXliGa P^fco I I I -VJSfk^*^SH*Wfigglw 

[0037] £tcmihz^&m5xi*mmcz<Dfc<n 

»^*JWB»*o{flfcttaS:*1"5 I I I-vi^b-^ 
***W|gffilC-r^^«:»*L^J**Lfc^, £& 1 
l^ffilcSK^^^SrigritLTiai (b) - (e) *>5 
^1*0 5 (b) - (d) ^^Dir^SrtToTtlsia^j 



[0 0 3 8] $ (biC^HjK^i^ftgTii^^ ^ 1 4 <h LT 

mmtmtiz>t><Dxh?L^ ft&m^mm^mm, 
%^ x^n^t^^^^xh^\ 
[0039] msoMMmm) *569i<os*3 
wms^ffiiiot ^xmi-tz>o m 3 wnjE^iBfifi, 
® 1 (ommmmh^^tm 2 ^^^^r^f] 

I I I -VjKfb^»¥Wft^t - ^^*> + /^fi«rG a 
10 N^^fcWSfil^Jffl LG a N^¥«ft!K£/IM-f 5 

[0040] ^3 ^*jfeco^ffi(i, m 1 (Dmmmmfo 

^Ga N%¥mm^mf$Ltz.i><Dxh<o , ^m-tzmm 
[a^xitmizmmit-fz. 

[0 04 1] GaN^^fttSRKSg^*^ 

20 [0 0 4 2] ftClSIMC^LG a N^^*0^ t° 
^^Y/H&fiSrfi^o ^S^i^S-T^GaN^^ 
^£O^ 0 0 0 ^g^-ffi-f± N I I I^SlC^/y^^ (G 
a) chififb^^ (HC1) <D&&'Jif&foV1bZmktf } J 
(GaCl) ^Vfle/SlSfl-ry^^T (NH 3 ) X 

^m\i^mtm^Mx\z^%^& (vpe :v aP o 

r Phase Epitaxy ) T'feSM K7^ KVPES 
^ G a JSWC#^«*ffl^-&*«&«fb^*«ffifiE 

S (MO CVD: Metal Organic Vapor PhaseEpitax 
y) Srffl^So !*SfaKii6 5 Ot^fb 1 1 0 Ottlf 

30 i\ vmmm<Dmmma\ i i^^co^*c>?tL^ 
20000 oi%&mt&i-tii-ti:\<\ 

[0 0 4 3] Ga N^^?S(*:JiOit: 0 ^^'>^/UfSS 
[0 0 4 4] ^\?9*i/V^\&&$:mirZ>t^ GaNl 

*mm$ yr^yv myk<nmc%\ l x m&Kjsfa 

40 5 0 ^UT^f-^/igfiiM^OG a N^W-ftc^r-tr 

5^ GaN^^(*lcJ:<9 7r-fey h«iS^a*!)ji* 
ft^Wicii, ¥Jfl*iKffiSr#1-5Ga N*^3»«wK 

[0 0 4 5] Ga Nl*'</ls?1£&<Dftmt>mmt£tz1k. 
50 5t, Sffi^co#ffiT-«^Lfc^ B 0 B ^telwtt)>t 5<toffi 



II 



(7) 
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[0 0 4 61 *%mmm^£%^¥$*i/^^$L&jj 
i££^rf5G a Nl^^xt^^yt^ILT^ 

[0 0 4 7] Lf^otG a N^^^0 0 0 ^ii7 
7 -fry b<n!&-8:bkt>\Zffijj\Z\{zmf hil, GaN» 

[0 0 4 8] r<oj:5(cStE±t^^^(c«tt)a«iW(- 

*«*H)t*f«-fir 5 w t r% g a Nm¥mt*m<o&&x 
[0049] ^(bic, m3<Dmm<ommvmbtii>Ga 

¥3M«JLLICG a N*¥£***&tf=«1-5 - fc r % G 
[00 5 0] SfcG a N^^SttlKT-tfSG a N^¥»ft 

mytm+nm&t*. ^yr^rm^xmmt^ox^ 

[0 0 5 1 ] $P>l:GaN^S«:M*WGaN* 
[0 0 5 2] ^3^H^^^lCio[t5G a 

[0053] m3(r>mm<r>mm<oimx^ g 3 n^ 

^^Sr^/S-rSWSr^Lfc^ IIlCGaN^Sd: 
[0 0 5 4] ^fblC^H^co^fig^fflt^^^^^ LT 



^ffiiC*Stt5GaN^«ft:|BtLT(iGaN, Al 
G a N, I n G a NfSWfclf <b*l5J$*G a N^Stff S 
U\, 

[0 0 5 5] *fcGaN*^*#^tLTJi, G a N 
^^ftU-f G a N^L ED*WG a N|fi|*« 
%m^<nmc F E T^>H BTft k*(Dy?s<4 X {1 fc nj 

[0 0 5 6] (14^*^16) *«9 ; lW»4<O^Jt 

10 [0 0 5 7] »4^Hl£w^ffi(i, GaN**8»:i«i 

lOxt^Jr^t^g^lfflLtGa N^tWWIl 
MSI, $<bt-rcOGaN^*»ft:Bie±^GaN* 

[0 0 5 8] S4^MlmGaN^^I± 
C7)G a N^fi^t LTG a N jte*^«r 

[0 0 5 9] gffii£B^^£/fMU 7 

it b ] J y?77j-mkt^y h^yf-^fX^X? k 

»W^S*6Sffifffi±i:G a N5R*NMfr 

[0 0 6 0] ^**XlMfi««OJ[^iLTfJ, mi 

\z7r-ty YtftiSfrTZMIkkirZ. 
[0 0 6 1] »C(C/aS««^*tLGaN3R^3l*^t: 0 
^^'>^fiK-SS:fT9o GaN^^MgSl I 

i itHSfUc^fy r>A (Ga) itfMt** (hci)o 

5^M^T'$)5ifWyi>A (GaCl) £V«£JK» 
30 [CT^^T (NH 3 ) ^S:ffl^WK7^KVP 
ES^iLt^, #«&JR{fc^«fflf3cfiffi (MOVP 

e) tffl^rti^o 

[0 0 6 2] GaN^|»Oxt^^v/v*Slt 
» 1 ^HJgO^^^f^ G a N^*»WSSJ|l|gB 

•9 , ^cfi^l|£±OG a N^*«*lC(i£|R<^DB^4 t(i 

[0 0 6 3] ^t°^*^/W#fi£^(t&<t, G a N£ 

£o *LT»^r5fSS««<7)GaN^^ft:|K^7r 
■fey h«iStt6tti-5 0 

It Sir, Ga N^^Wc J; 9 7 rir y h«aS* s ffi*5>i& 

[0 0 6 4] &(CG a N^^e9WB[±(CG a N*^«<* 
a#*^**«iS£ft*t"S 0 GaN^ffM 
ZiJcLfcgL GaN^3»#R* ? iKfifc$ixfc£«S:MOC 

vDgict^hu gf^ra*, v/i i 

50 IJ£T% nSiGaN/1, niA I G a 7 7 hi, n 
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5!G a N##-f T> K-y I n G a Nft^Fl 

tT^K-^I nG a N»HB^fc5#**^#F« 
igfSttH, piAlGaNl, pSGaN)t^KJl, 
pSAlGaN^7^Ki, piGa h/g^ 

[006 5]fc u— ?Hffig*^Lfc£«£flHg 
Sld-fey hU Si0 2 fciO'GaNl 

ififfifflli:: n Sffiffi&JKfiJc L^Mitc p 5! 

[0066] m 4 ohhs^jbibic j: «9 «T<7>as:^s^ ?, 

[0 0 6 7] mi^HSSW^^^t^^v'^/U^T 
mhtltcG a N*^Nf««±(CG a N^¥3MMS^flfc§ 

RlcfiTfB^Ht^oT^fcG a N^^W(*:*T-fl»ig(Cjo(t 

[00 6 8] £ fbf^G a N^WfrllH^G a N3R¥* 

fcf^SXS-cMfflSSrG a N^^#^JK^^cilc^-r5 
[0 0 6 9] * fcG a N^^S****^^ a N^* 

[0 0 7 0] »4C0HJfiOigffifi±EOlftWI-R 
[0 0 7 l]fltll GaN^M^t^^r^t 

i <7>*jfi6co«5«Bfc**t Xte < , m 2 coHJS^^ 

[0 0 7 2] £ biCG a N^^^XlCG a N^¥» 

Ga N^^^/fM^t^S«, ^^GaN 
^^5Sfls:|R^-SBS:lfe5feLfcS(CG a N*¥3M**?-co 

[0 0 7 3] fcfc\ Ga N^«<ttKrt»<bg«, 

^titG a N^mi^m^cD^B^^tfimtz^o 

X$>tUi % Sffi, ^^^OKt*S:tTfc-f, GaNPS 
[0 0 7 4] S?)l;*|II(?)/gil;fflt^^^^tLt 



W«ffi(-*5tt5GaN^a|ft:|»<tLr(iGaN, Al 
G a N, I n G a N^Wfclf e>JxS#G a Nj&Sft 

U\ 

[0 0 7 5] £fcG a N^&ttlKT-i: LTtt, G a N 
^aftftU-- ff^>G a N^LED^tDG a NSR¥4»f«8 
3t^c^ft!llC F E T-^H BTi^f/W^l: tiSffl "J 

[0 0 7 6] 

[0077] (mi co mmm) ^mwmmm^^ ^ 

T, (00 0 1) fi't7r^f7 (Al 2 Oa ) £fil 
1 ±iC 1 ju mSSWffiffWG a Nil 2&fobfrClbJ& 
/SLfcStRSrffl^fco :<7)GaNll2MCSi02 

f-^^-C-r^^ I4tj*fi««i 3(c»«Lfc 0 J#fi® 

mOifrgo* hyJ^iftX-hZ. * byJ-fjjfaltK 1 1 
20 - 2 0 >^af: ( (Hi (a) ) 0 

[0 0 7 8] /SfiSMEl 3lCfiJcgf-^Ga Nil 5(1, 
I I iMWC^y^A (Ga) fcJfift** (HC1) 
Wl2iC^dc*T*>6Jfi{t^y (GaCl) tVflaR 

JpKcr^^e^T (NH3 ) #*£ffl^<5W K^-T K 

Kir y h U **#H«-eric£»K 1 0 0 0tC#lt 
5 0 Sfii4^LT^5), HCliM20cc/ 
UftXmSL, NHsSilOOOcc/MtS^S 
*W»-rS^^T% 3CGaNlgl5^ {1 

30 -10 1} m^K^yr-ty htfcgfcjfcES-tirfc (@ 
1 (b) ) e S^ir, 2 0^SSxt>Jr^t/H*g 

as-frfc (mi ( c ) ) 0 

[0 0 7 9] ^t°^^^-v/^S^tt^r^^J;»9^ 
7** h«i§*ffiaW&fc (Hi (d) ) , 
5B£ra<7>fiJcg-C2 0 0 /i mSJ*C0¥a**ffiSr#-r5G 
aNRSrffM^-tirfc (111 (e) ) 0 GaNllS^i 

40 [0 0 8 0] ^1 6D||j|feWT*lidcfi<g«S:SJ|ifi1-5atR 
^ScS(-J: «9, ffi'Jii^ {1-10 1} ffit>*t>teZ7T±y 

htmtizmx mfabrnmcfazfix^tcmztK 7r 

-try h<7)HiaT^co*[^M#t/5wt^^f /«c</j!5 0 
[0 0 8 1] *«W(CJ: <9^fiLA^ 0 H Q^I¥*fflt^^^) 

50 ||-ibnSo 
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[0 0 8 2] *l^|«|:J:oTM5hfcGaNR 

i ^yr^rmmi i ttt^^ft^HWBKffft 

BSJifco L^t), WBMtfiSrtTofcGaNfflllcfi, ^ 
^ kte&m* 10 6 cm 2 eft-Cfc 

ofc 0 

[0 0 8 3] ***«T*SLtG a Nttfi^S&a^'fif 
tt£ fi± £ -tt 5 d <t t ft 5o 

[0 0 8 4] ^^ici^^r^TS^l l&wmm^xi 

[0 0 8 5] m 1 <7)3U6«T*(i. GaNl^xt^^ry 

*«AJH{t^«l«ft/5)cfiffi (MOCVD) Srffl^rtP 
«*Sa** s 1#?>ixSo *fcA 1 2 0 3 SJfil 1 Srffl^fc 
*\ SiSK, ZnOSfc S i CSi, LiGa02 
Ifc MgAla 0 4 S«»*:ffl^rtP«/^* 
^»fetl5 0 Zbl^Alz 03 Sffil l±C:GaNlR 
1 2£fc^>i;WFMLfc;6\ ££l l±(c[E^^^ 

[0 0 8 6] 1 4 ITS i O2 Srffl^fc 

*Swntw|fif)ix5t>^T*ii>i<, S i Nx ^colfeaft: 
RT'txtlV Z<nnm9tVl*-*x? 1 4<Dffi$:2 vmt 

^a^t#(bti5o h7-T^Sr< 1 1 -2 0> 

SBt7)^fp]< 1 - 1 0 0 >T*fc <£< , ztibnjffiifrb 

[0 0 8 7] *fcG a N^^t°^^ri/-y/U^cg;(Co^T 
i£-<fc/$\ I nGaNl, AlGaNH, I n NIK, G 
a PISfcSl^iG a Asfe^t^^^t/HSfiL-Ct) 
|5]«>it#J*M#kft5„ £P>lClfScft-t-5 I I I-V^fb 

[0088] m2 (dmmm) *%w<om 2 <ntmm\z 
o^r, Kiw||J6CTtiiii:<igi*#HguTttw-r 

[0 0 8 9] %2<nmMWiX^ M&kLX, (0 0 0 
1 ) ffiS i CSS 1 1 ±tC 1 /z mSj*^IKff 1 o. 1 
Gao.9 Nil 2SrfcibA i i:WB/*Lfc^Srffl^ 
fco-WAlo. 1 Gao.9 Nl 1 2|feffilw S i O2 

V^T'v^^ 1 4^/SS®«l 3II»glLfc 0 j££&4£ 
1 3, *S«fctfv;*^ 1 411, ^m2/im, ^J:U^1 

0 nxn(D^(D7, VyJ-f$kXhZ>« * h^T^fifK 

1-1 0 0 Ltz ( (111 (a) ) 0 



[0 0 9 0] fSfiSItfcl 3lC/£fi-f>5Ga Nggl 511, 
I I \mtiRW\Z#l)<}J* (Ga) tJfift** (HCI) 
^E^lSftT'fcSififk^i; C^A (GaCl) irVRK 

3N-(cr>^^r (NH 3 ) #*tffl^5'»r K^-r k 
t-ir s/ h u **#ffl&"ej*fi?a* 1 0 0 otcwt 

5 Q f&firfi&^^LT^ib, HCllM20cc/ 
tt#"CMJt#AU NH3^6ft2 0 0 0 c c/WAX5ftU 
&m$-rZ>Z.tX\ fi)cfi®«l 3CGaNil 5^ {1 
10 -10 1} i/j^^57rt-y hflligSrdcfiS-tirt (111 
1 (b) ) 0 

[0 0 9 1 ] $P>(^ 2 0»fflg«xe^^'>t/HSS 
SriBctt, 1 4S:fll9*T*GaNa)7riry h«ig 

1 5Sr*iI£-£fc (111 (c) ) 0 

[0 0 9 2] ^t'^^r'>ir^ricSSrlBtt1-5wtirJ:i9 7 
HSigSrSfcii* (Ill 1 (d) ) , ftifcWlcii, 
5B»*gt'2 0 0m mffl&<D¥&temtin$:#i~Z>G 
aNm&J&l&Ztt (Ml (e) ) 0 GaN«15W|g 

jssl NH3 ^*tw&L^se>ffa/j:-eftau * 
[0093] m2(Dnmmic£^xBf&£titzG a urn 

1 5|:tt, S i Clfil 1 i<0ft*£SK^^»# 
1 9 I: fc^»!5* 5>f ^ 7 y ^ ^Ao tl ^jJl C t ^flffi 
£*ifc„ L^t, WWrtSSrfTofcGa NBIlcii, ^Pfg 
* s *«i- / >>i<^te«S(ii 0 6 cm 2 Mt^o 

[0 0 9 4] *ISS£Wt*fiJcfi UfcG a NJ^^ft&^## 
K'>fc<, -(7)±(^U— tj\ FET, fcJctfHBT/jrif 

[0 0 9 5] S i Clffil lSrflf*»Cj;oTBfe 

*1"5wi:r% GaNllS^IWMtim^: 

[0 0 9 6] m2(OmmmXiX GaNlOxt^^y 

^m&mt&wimfcmi; (mocvd) zm^xtm 
mtmmtmbtiZo ttz^mmmxn, s i cs^i 

lSrffll^c^ H Silfc ZnOSfi, AI2 O3 £ 
ffiSK, LiGa0 2 ii, MgAl 2 CM Sffi^ 

1 ±lcKlf:cOG a Nl 1 2$rfctb^^^/fML/i75\ S 

tEi i±.^m£-?x?ZBr&LXh^\ 
[0 0 9 7] if:-7^^ 1 4 t LXS i O2 Srfflt^fc 
^-tiicmhti^t(DXittj:<, S i Nx 
IRT*t>J:V^ CWHJfijJii-C'li-v^^ 1 4<DiB£ 1 0 /i m 

i^M^fbti5 0 ^I:^h7-i'^<l-l00 
50 bimtzfi&xhr>xt)&M 3 f&&<DMt-{z£v ^ tit&Wi 
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[0 0 9 8] *fc$ ^icStE 1 l±WJ»t LTA 1 
0. l(OAlGaN^ffll^\ wWi|ajSttff:SfiOt)^ 
T*J;<, LTf W(t!llCA 1 N, InGaNiif 

^*v^/H#fif::o^T$^f^\ I nGaNl, Al 
GaNl, I nNR G a Pffl*5l/ MSG a A sIJi 

■fit* 5 1 i i -vmit^m^mo<om^Lxtmm^ 
[oo99] (ig 3 <nnmm) *m\<nm 3 wmsswtc 

[0 10 0] M3cO|IS6^jrii, a«t LT, (1 1 
1) ScoMgAl 2 O4 S4E2l4:fflv^o COS« 
2l«:s 1O2 i2 3^MU 7i-hyy^7 
yj-&t Y^-y^->^X^y^ 2 3 ifjfc-fiiWjc 

2 2(C»«tLfco *Sj;U^*^2 3fi, 

5o * h7^^|fill±< 1 1 - 2 O^lfijt Lfc ( (H 
2 (a) ) 0 

[0101] G a NRW*Sli, -e* ^ 2 3 ±1^1^ 
<DGa N^f^^rWJf SOKig LfcW K?-f KVP 

(Ga) tmtim (HC1) <7>E/££j£tt^fc*t6{fc 
tfll^A (GaCl) Vmj%M^T>*r~T (NH 

[0 10 2] Si*. g&2 l^fi^giCir^ m * 

Lfc#e> i o o ovm&<DM^x^Mm\^ 

tim, 5 0 0tl:»ISt, HC1SM0. 5cc/ 

U NH 3 jltl 00 0cc/*»t'5ft 
efi«*&i"5 ^ t X\ m&fS.&mWi 2 3Cfi2 0n m<D 
Rl¥WGaN^s/7rJi2 4S:jKlSci-5 (ia 2 

(b) ) 0 

[0 10 3] C^>tt<B"C% NH3 tfA&mft&Ltetfbl 
0 00t:iC#fii-5o /£fir&j£^£LT^ib, HC1 
jftiS: 2 0 c c/S#T*flfefnU NH 3 ttftftlSOO 
c c /WtiX 5 »e*fl«&i-5 C t X\ tit&fRkU 2 2(D 
GaN/<y77-l2 4±(CG a NO {1-10 1} ffi 
frbteZ>7 7^y hWKS2 5*i£-fi£itfc (13 2 

(c) ) 0 

[0 104] $t>K, ^t°^^>^/w$fi£^rj\ 
^2 3^S^t'Ga NH2 5c7)y 7 ir y K«ig£SSig 

it, flkJ^WlCli, 5B$Pfl(^)fi!cfiT*2 0 0 v mfeSEtDW-SB 
4ffl^tt^)Ga NBI2 5 (12] 2 

(d) ) 0 GaNi|2 5 0Mfi NH3 ^f^SrW«& 

[0 10 5] ^3^HjSSMm:oTigfi)c$ttfcG a NJS 



2 5 MgA I 2 04 2 1 t (OftT-^SftJfJR 

K3g«8ta*)* 9 ic t) a^fc ib-f ^ y v 9 ^Ao rt ^ev * 
ri^fffcfg^tLfco L/)>t>, JJfRlfifiSrfTotGaNK 
Icte, XKM*#%'\C'J?te<, 10 6 cm 2 SJST'fco 

[0106] **»«-Cl«g LTcG a NKfi^te^^ff 

l- / >/j:<, ^<7)±i::u-f\ fet, ^Jzl^hbt^ 
wffio^SJix/ <>f *«ig*rja-fii-5 r t T\ r 
ttSrlfi]±$-ti:5wt^WHgt>i5o IfcMgA I2 Cu 
•0 StR2 1 Sr«F«lf(-:J:oTI»*i-5^t-C, GaNg 

2 szmmmt Lxm^zzttxtz* 

[0 1 0 7] ^3(OHJ60i]T*li, GaNlWxt°^-> 
-r/U^cfi(C/N-r Ky-r KVPEffiSrfflV^TJKfiJcLfc^, 
#«*JR{k^**ffiritfiffi (MOCVD) SrfflV^TtPl 
«*J»*M#?>*i£o ZtzMMmxl*. M g A 1 2 O* 
£«2 1 Srffl^fcrt\ SiSE ZnOSS, SiC 
LiGa0 2 Si, A 1 2 O3 StE^ESrffl^r 
tPlKam^o ^l:MgAl 2 04 2 1 
±icB^^^^^Lfc^\ i«2l±l;GaNKS: 
20 fe^L^/FMLTt^v 

[0 10 8] &tL-?*9 1 4 t ITS i O2 SrfflV^fc 

^^n(-:iJsibn^ i boTii^<, s i Nx m<oim» 

ttT*t<fct\ $ tblC-r^^ 2 4<£>(|g£ 1 0 /i mfc Ltz 

%i>mbtiz> 0 *mtemx*i*. ^by-cf^<\ 1-2 

0>Jj&]\atMLtz.f)\ 7rt^ btmfH&titil'i, z 
fttmm.(Ojj$\< 1 - 1 0 0 >T"b J:< , wixtb^^ 

7r±y bm&$:Bl&'tZ>z.b&X-£Z> 0 ^*3, ^rir 

[0109] *fc**ltei]-C(iS«±t-:(£?fl/<3/7rii 
Srs5lttfcSlwGaNR^fi*fToTV^fc*!), *£ a 0 a ^ 

[0 110] ^ HJEMT'li, GaN£Dxt7^ry 

tMglCOl ^T]^-<7C^\ I n G a Nl, A 1 G a N 
In Nil, GaPi, Ga Asi^xt^^^ 

f&&Lxhmmte®mtmbtiz> 0 ^^i^fi-r^i i 
[oi ii] m4(nmmm) *&W(om4<DmtkM\z 

o^T, 1213, H4Sr#BBLTift»li-5 0 [21 3 (iil^W 
(C m h° ^ is -y y^Jcfii- 5 ^cfi^O/F^ * %)fm, H 

[0 112] #HjSfi0i]-Cfi, (0 0 0 1) 6B 

C0A12 O3 S1fi4 l±t-ll /imSJS^IBSWGaN 
H4 2^fcib^i:^lSLfc*SfBS«S:ffl^fco 

[0113] I^GaNl42«S i0 2 31^)15 
rfcL, 7t h y y^77^H£-^ ^ 7 hx^fy^ 
50 -7X^4 3tfiJcfifW«4 4lC»KL.fc 0 ^cfifii^44 
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IX 4 n m<D&&<D%ik (g|3 (a) ) , 3 /i m 

(D^fiBft (1213 (b) ) , tSi.Tf5 nmfitDf&BW; 
([213 (c) ) <7)3»JSi:>iS^^^Sr*ixmffl^ 

[ 0 1 1 4 ] iPM LfcricfiSHHc 4 4 t^fiEJS-f 5 G a NIK 
4 5(±, I I l&mm^h}) /J'/l'jl}) (TMG 
a) RJJ h ] J t^iVTiVX-ttJ* (TMA1) t Vfc^ 
n\CTy*~T (NH3 ) #*£ffl^5#«&JR{fc£ 

[0 115] ia4!±|g|3^iSS<!B«S:^LfcSffi±(c 
«rtJ«fifeS:ffl^T I I I -Vj£fb£*¥«{^£/FM 
i"5XSw«l»iat**>5o SK4 

L&^fb 1 0 5 OteOricfifflJfti^afSo 

t«L, NH3 St* 5 0 0 0 c c/UftXl 
*fl«&-r6wi:T\ fi£S1M^c4 4 ICG a NHH4 5 CO {1 
-10 1} SB^^ncS^rirs/ hWigSr^SS-frfc (II 
4 (a) ) o 

[0116] 3 O^S^^t^^v-ry^S; 

Sr«tf\ ^*^4 3£85*"CGaNJi4 S^rir* 
h«i££SSii£-t±f:: (H4 (b) ) , 

[0 117] ^t^^r^^/udSSS:jffi(t5wt(Cj:«9G 
a Nl4 5W7rts/ h*itS:S*!>&^ (14 

(c) ) , ft»Wl-*i, 1 2BSffi^d!:fi-Cl 0 0/imS 
^¥ii^®^tt6G a NI4 5 ^M^tt (H 
4 (d) ) 0 

[0 118] 3lSWi^Sfi«CMLfcG a N 

ft, t7r^7ifi4il;^7s'^^Aott*^i 

[0 119] LfcG a Nlli^B^^'ft 

^tOiiiru— ^\ FET\ *3i;U«HBT>it* 

coffifiifffcx / W ^WigSrEfc-fi-tS r t X\ x'W 

[0 12 0] $f>{c^7r^TStK4 l*flf«^lcj;o 
Tlfe*1-5wi:T\ GaN(K4 SSrStRW^tLTffl^ 

[0 1 2 1 ] f&4<DMMmXl** G a NBgCD^t 0 ^ 

^Tia^M^^feaffifilcfiffi- (MOCVD) SrfflV^TtlRl 
§W«I^S D I/:A1 2 0.3 IS4 1^^ 
SilE ZnOSfc S i CSS, LiGaO 
2 Ifc MgAl 2 04 StR«Srffl^Ttli]«/«e3(i 
*M#?>ix5 0 ^CA1 2 O3 g^4 lXlZglJJfL?) 
Ga NR4 2£fc£ri>i:fcJiMLfcja\ S^4 1±{CiE 



[0 12 2] ±tz^x? 4 3 t ITS i O2 Srffll^fc 

[0 12 3] £fcG a NCO^t 0 ^^ri/-y/U^cfti^o^T 
ili^fcriv I n G a NR, A 1 G a NJK, I n NK, G 
a PISfc5^liG a A s R&^fc"* ^^/UfSfi LT fc 

[0124] (ib 5 <DW&m) *mi<pm 5 <z> jgtfeiwi;: 

10 o^T. El5Sr#fiaLTiJif]-r5 0 

[0 1 2 5] StR5 Um^lRUWGaNRS 

2^;fM£tLfc (0001) ffiwi*-? 7 urates 1 * 
[0 l 2 6] rooS«5 l«ffilcs i O2 KSrflM 

u 7* h u y^^-ast o^y v^-v^vxm 

1 O-r^^ 5 3 i» 1 ^g««5 4 CftiLft. H 

C0/$S®«5 4, *5«tt^» 160v^^5 3 (i, -tfi-t'jft, 

T^fil*, < 1 1 -2 0><t Lfc (15 (a) ) 0 
20 [0127]®1 W/*fiffl«5 4 (CfSfi-f 3» 1 (OG a 

N«5 5(i, ±tfl(oiij60iji i i 

(Ga) tmtum (hcd c^s^^t^ 

5ifi{fc#y*i» (GaCl) tVftJUJN-lCTV^^T 
(NH3 ) ^$:fflt^MK7^KVPES^^ 

^#lfflMT*/£fi?US 1 0 0 o < ctc#arso 6 5 orco 
?a*^bSffi5 lSrNHs #*#ffl«K^5o /*ftiS. 
to^Lt^lb, HC 1 jK** 1 0 c c/&^T*flW& 
U NH3 «Ei4 0 0 0 c c/feftX6 0#Pfl<^/£ft 
30 T% JBlO**W-C»MLfciai(0 (a) frt, (e) <0 
^SXS^gT, m 1 ^53 SrSfci^fc'SB 1 <D 

GaNS|55^Mt5 (115 (b) ) 0 % 1 <7)G a N 

K5 5£ffM^ nh 3 #*#iffl«t^fi*T*?&»u 

[0 12 8] ftC, GaN§5 5iCWSi02 

f&1~Z>o Ztl^tMD* by^y^iX 2 Mm, *5<tUf5 
/i mt'fc^ ^ h7-f 7 p *[p](i< 1 1 - 2 0><t Lfc 

das (c) ) 0 z<Dmms i±(c, jBionit 

40 MT-WWLfciaico (a) ^ib (e) fiOfiKSlSSrfe 
T, ^2(D^^^ 5 7^JSy>^, &<fc^l50^mCD 
!2(7)GaNl58 ^it^iifb Lfc*ffi«:t#fc 

(15 (d) ) . 

[0 12 9] figSLfc^2<?5Ga Ni^5 8 C7)^|5fe^^fffi 

iSiSffi^aaaT'W^fcje*, ^^^^i o s cm 2 ^ 

[0 1 3 0] f5 5<Dm&mXI** G a NBI^^t: 0 ^^^ 
50 ^/U/^fiir/N-r KVPE?Mi^TWUJ\ 
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#«&«{fc£»f5tlfi)t£ifc (MO CVD) Srffl^TtlSl 

fcrt\ SiSS, ZnOlfc S i CIS, LiGaO 
2 IS, MgAl 2 04 S««?«rffl^Tt>|5l«/^j 
*M#^nS 0 £fb(CAl 2 O.i fiffi 5 1 JilCG a N 
IB 5 2S:fSfiLfcStC-e^^S:ifMLfc^, ::ft(C|S&fb 
■f, ISlCGaNi5 2MSW, 1 0>-e* 

[0131] 53^rLTS i O2 Srffll^fc 

^Cjxl^Ke>ti5fcWT^<, S i Nx ^<£>#M*tt 

^^r'>-V/^fi(CO^T^-<fc^\ I nGaNfc Al 
GaNR, InNl, Ga PRfc5^llGa A slfcx 

[0 13 2] **W<n#^jS6W-CllG a N^tf) III- 
I I I -vMb^^f^^filciifflnj 

[0133] me(ommm) ^wmmG^mmc 

a N^IXfCG a N^¥#* XJSSrKf j 

I 0 1 3 4 ] 0 6 iCTjrf&E 6 1 Idfi, 1 „ m^JKifiCO 
GaNl6 2«^f: (0 0 0 1) B(Of7r^7 
S4£6 liffl^fc, rcoS«6 lgfiics i O2 m%B 

tfS 10-7*^6 3(1, ttimS^m, *>J;U<2/im 
h^T^t Ltz Q x hy-fy^X < 1 1 - 2 

o>jjfafrbiommrtxmf$.Ltz an 6 (a) ) 0 

[0 13 5] »10j«fi««6 4lC«fi-r5»lWGa 
NIK6 511, ±ffi<03S56ffl 1 I I I i^C^/ 

V$J* (Ga) <tifefb7K^ (HC1) <7?KJC£:^/*»r*fc 

54fc{fc#y** (Gaci) tvflaswi-r^^r 

(NH 3 ) KVPE&Srffl^ 

*#H^T*fi)cSfflS 1 ■ 0 0 OXl^Hi-So 6 5 0*C<7) 

^££LT;0^ HClSM4 0cc/S»'CK 
U NH3 lil 000 cc/ft^ *5«tt>*v-7> 
(SiH-i ) tfftffiO. 01cc/S^15 0» 

f&&x\ ^KDmmmxmiLtzmKD ( a > ^ 

(e) WfigfiXSSrJST, M 1 <0-7* ^ 6 3 Zmfr&A, 



tffSJS-2 0 0 n m(Om 1 <DG a Ni6 5 Sr/gnH" 5 (II 
5 (b) ) 0 SlOGaNl6 5£JFMgL NH 3 # 

aNK6 5li, nST% 1 X 1 0 ,8 c m^«J:^t !i 
Tjft*T**>ofc 0 

[0 13 6] fcl;:, GaN*¥9*^— t^Wiic^Ww 

I** #«^JR^^1=lA!cSffi (MOVPE) Srffl^TfE 
Kit GaNfll6 S&Bf&m, MOCVDglCt^ 
h U *lK#IISTV*-ftfi£ 1 0 5 0 < tlC#a-t*So 6 

10 5 OtOfat^^NHs ^^#HSt(w-r5 0 Si SriSS 
flDLfc 1 MmCDJ|L£C9n3!Ga N/§ 6 6, S i ^jfefjP L 
fcO. 4 M m(D)i^(DnSAlo.i5Gao.85N^7^ h 
)§6 7, SiSri&JDLfcO. l//mW)f^nSGaN 

KJ§6 8, 2. 5nm<Dj|L£(7)T:/K-;/l n 
o. 2Gao. sNi^Fii: 5 nm^JI^Ty K— 7" I 
no.o 5 Gao.95Nl*§ISA»?>>iS 1 Offl#|a>£M:^# 
PtSMttl6 9, (Mg) SrjSS»DLfc2 

0nm^)f^pSAlo.2Gao.8Nl70 s Mg« 
ADLfcO. l/im(Oi|^piGaN*^hl7 1, 

20 MgS:8sADLfc0. 4 // mcOjfi^c^pSA I o. isG a 
o.8sN^7s/ KH7 2, MgSrSSAPLfcO. 5 mCOff 
^(7)piGaN^y^^hi7 3 imkBtit L 9 s — 
«itSrft»Lfc„ piWGaN3^^H73S:M 

Lfc&ii, HN3 #x#[SMT^&£T'#au ricfi 

KBJ^J&flfcti-r (116 (c) ) 0 2. 5nmOJ?£(D 
T> K-^I no. 2 Gao. 8 Ni^i^ 5nm^)J|^ 
(DTy K— 7" I no.osG ao.9sNW!8Jf ^feft-S^fi* 
•7-#F»igffittH 6 9lt 7 8 0 tWiStM Lfc Q 
[0 13 7] u— ^ # -*iSS:iKritLfc*7r^r 

aNf62, S i O2 vx^63, fcil/G a NBg6 
5O5 0 M m«ilTGaNS6 5£Rttl£tf5 0 Bfcfcl 
LfcGa N)f6 5ffilC(i, ^ > (T i ) -T/U* (A 

1) <Dnmmm7 P S(DGaN|7 3J:l; 

\%~y>n\, (Ni) (Au) W p S«« 7 5 SrJIM 

■fS (0 6 (d) ) 0 

[0 13 8] ig6(^"tU— ^WitTil, SiiCnSS 

*«*f^»XST*n®w«ffi^a{t:*«B(ciBfiEi-5w 

40 t^<*^*igfs^#sfc*affif^»xe^jffiiwb"c# 

[0 13 9] Sfc, ^yr^T^G a N%¥m*tl*®i 

Si Lfc u-VWiiwitfiS ^ 7 BBt- i 9 /FM-f 

[0140] -mcwL, *nmmxt*mg i !Kmwte 

l^Ga NJi6 5iS:J|C<^S-r5-t^r*f 5fc«), ^7 
r^Tlffi^T^^fffl^LttGa N6 5±il/g 
IS LfcG a N^^W*C0 ^«i£iC(iU»|±^ < , * 
50 fcGa Nl®6 5 ±(73 Ix-^Wigfi^^M^J: 9 
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±Lfc 0 

[0141] *HJ6WT*(±, GaNl65i(C U— if — 

2, S i O2 6 3£#H#L/crt\ u-lJ-'-«i£Sr 

^»r5Btj(C*7T>fTStR6 1, GaNK62, Si 
O2 ^^^6 3SrW«LTt,I3«*S5b*^?>tLSo 
[0 14 2] Sfc, **J£WT'(i, if^r-T T1S6 

1 , Ga N/16 2, Si O2 6 3CD#Fi#, 

0'GaNg6 5W-SMiLT, nS<7)li^ML 

[0 14 3] 

S^ffi-rc<tT% f$L&*Z>\ I I-vift^*I*i 

[(in i i-vmfc<&m¥m»<oBtitjj& 

[0 2] A 1 GaNMMJtlfcMgA I2 0< g 
i±C/^K7-<KVPEMffll^, G a NJgJM 

[U3] a^W(C3it o ^^'>^/uisfir5i*ssH«<7)iF$ 
[ni4] ®3<D%mft* E.mm, Rximm^^m 

[05] *5l9JWfiJtfi^ffi^2lHl»9jgLTigfi)cLfcG 



[1*16] *36f)<OjSS^ifeS:ffl^r^UfcGaNie± 
ICG a N^^«»U-if-fl|igS:iM-r5XSW«l»|g 

1 1 

1 2 stEicig^snfc 1 1 1 - vmt&m*mvm 

13 II I -V«fb^***<*Srf«SS-B:5l«fi«4sK 

14 t*^ 

1 5 ^t°^^/M#JS:L/c I I I -vfle{fcg^¥3> 

16 111 ~wm\t^m^m^(oy r ^y imm 

21 (0001) fficoify r-rrsig 

2 2 G a NfJH 
2 3 -7*^ 

2 5 xt^^yt/HSSl/cGaNK 

3 1 (111) BWMgAh Oi Sffi 

3 2 la m(DG a NIK, *fcf*A IGaNIg 

3 2 5tE±tCiBfie$jxfc*gffl« 

3 3 £K±lC/FML/cS i O2 KcO-e^^ 

20 3 4 xt°^yt/*SU:GaN/<777i 

3 5 W KVPEStlSglfcGaNl 

4 3 -r*^ 

4 4 /£S8«je 

51 (0001) ffi^^r-rrgK 

5 3 % \ <D-?*2 

5 4 £ 1 <Df&g:mS& 

5 5 SlCOGaNl 
5 6 2 (Df^&m^i 

5 7 ^2(7)-^^^ 
30 5 8 l2c^)GaNl 

6 5 n^GaNflg 
6 6 nSGaNi 

6 7 nMA lo. isGao. ssN ? y y hi 

6 8 nSGaNWM 

6 9 1 ora^sw^as^FflisfiHtH 

70 pSAlo.2Gao.8Nl 

7 1 p^Ga N^ttf^ KB 

7 2 piA lo. i5Gao.85N^7S/ Mi 

7 3 pSGaN^y^ h/f 

40 7 4 Ti-AlOnSlS 

7 5 N i - Au^pSflUS 
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